Introduction {#S0001}
============

Laryngeal squamous cell carcinoma (LSCC) represents the second-highest incidence of head and neck squamous cell carcinoma.[@CIT0001],[@CIT0002] The etiological factors mainly include tobacco smoking, alcohol consumption, air contamination, chronic inflammation, and human papillomavirus infection.[@CIT0003] The general mechanism of LSCC involves an imbalance in oncogenes and tumor suppressor genes and disordered immune mechanisms.[@CIT0004],[@CIT0005] However, the detailed and specific pathogenesis of LSCC is not clear.

Surgical removal of tumors combined with radiotherapy and chemotherapy is the usual treatment for LSCC. Despite improvements in diagnostic and therapeutic strategies, there has been no significant improvement in LSCC survival over the past 30 years.[@CIT0006] The current challenge demands the discovery of accurate and non-invasive biomarkers for diagnosis, prognosis and prediction of recurrence. This is needed to improve the clinical management of LSCC and identify new molecular targets for clinical therapy.

MicroRNAs (miRNAs) are small noncoding RNA molecules that are important in many cellular processes, including development, differentiation, cell cycle regulation, and apoptosis.[@CIT0007],[@CIT0008] miRNAs may act as oncogenes or tumor suppressor genes to regulate tumor tumorigenesis and progression. Microarray and RNA-sequencing revealed a number of differentially expressed miRNAs in LSCC.[@CIT0009],[@CIT0010] Furthermore, recent studies investigated the role of miRNAs in regulating LSCC. miR-145-5p was downregulated in LSCC, and in vitro and in vivo experiments showed that its overexpression inhibited the proliferation, migration and invasion of LSCC cells.[@CIT0011] miR-204 suppressed the invasion and metastasis of LSCC.[@CIT0012] However, miR-301-3p and miR-132 enhanced the cell proliferation and tumor growth of LSCC.[@CIT0013],[@CIT0014]

Downregulation of miR-424-5p has been reported in cervical cancer, epithelial ovarian cancer, and liver cancer. miR-424-5p functions as a tumor suppressor in these cancers.[@CIT0015]--[@CIT0017] However, miR-424-5p was found significantly upregulated in pancreatic cancer and increased the proliferation, migration, and invasion of pancreatic cancer cells while inhibiting cell apoptosis.[@CIT0018] Moreover, miR-424-5p was upregulated in gastric cancer, and its overexpression promoted the proliferation of gastric cancer cells.[@CIT0019] Thus, miRNA-424-5p can play completely opposite roles in different cancers. However, the role of miRNA-424-5p in LSCC remains unknown.

In this study, we evaluated the expression of miRNA 424-5p in LSCC tissues by qPCR and analyzed the association of miR-424-5p level and clinical features of LSCC. Furthermore, we used target prediction and functional annotation and explored the role of miR-424-5p in regulating LSCC by molecular and cellular experiments.

Materials and Methods {#S0002}
=====================

Tissue Samples and Ethical Statement {#S0002-S2001}
------------------------------------

LSCC tissues and paired adjacent normal mucosa (ANM) tissues were collected from 106 LSCC patients undergoing surgery in the Department of Otolaryngology -- Head and Neck Surgery, First Hospital of Shanxi Medical University, between January 2017 and August 2018. Patients did not receive chemoradiotherapy or other biological therapies before surgery. The dates of laryngeal cancer surgery and last follow-up and status at last follow-up (living, lost to follow-up or deceased) were recorded. The diagnosis of laryngeal cancer from paraffin-embedded tissues was provided by two pathologists. All patients signed informed consent, acknowledging that they understood their rights and obligations. The study was approved by the Research Ethics Committee of Shanxi Medical University.

Microarray Data Analysis {#S0002-S2002}
------------------------

Our previous study investigated the miRNA expression profiles of six LSCC tissues and paired ANM tissues by miRNA microarray analysis.[@CIT0020] After screening differentially expressed miRNAs by using the LIMMA package,[@CIT0021] the miRNAs with \|log2 FC (fold change)\| \> 1, adjusted p-value \< 0.01, and differentially expressed in both lymphatic metastasis and LSCC tissue with no lymphatic metastasis underwent hierarchical clustering with the pheatmap package \[[<https://cran.r-project.org/web/packages/pheatmap/>]{.ul}\].

Bioinformatics Analysis {#S0002-S2003}
-----------------------

Target gene prediction of miR-424-5p involved using the online tool ENCORI,[@CIT0022] then Venn analysis was performed to obtain common target genes predicted by TargetScan, PITA, miRanda and PicTar. Subsequently, common target genes underwent Gene Ontology (GO) and KEGG pathway analysis by using DAVID 6.8.[@CIT0023] Transcriptome sequencing data for 493 head and neck squamous cell carcinoma samples from The Cancer Genome Atlas (TCGA) database were used for survival analysis; 111 were LSCC samples. Patients were divided into low and high expression groups based on median miR-424-5p expression for survival analysis.

RNA Extraction and qPCR Analysis {#S0002-S2004}
--------------------------------

Total RNA was extracted from tissue or cells by using TRIzol reagent (Invitrogen). Reverse transcription of miRNA and mRNA involved using the All-in-One miRNA First-Strand cDNA Synthesis Kit (GeneCopoeia, Rockville, MD, USA) and HiScript II 1st Strand cDNA Synthesis Kit (Vazyme, Nanjing, China). qPCR involved a StepOnePlus Real-Time PCR system (Applied Biosystems, Foster City, CA). The procedures for qPCR were 95°C for 30 s, followed by 40 cycles of 95°C for 10 s and 60°C for 30. The 2^−ΔΔct^ method was used to calculate the relative expression of target genes. 18S rRNA was the internal control. The primer sequences were as follows:

miR-424-5p F: 5ʹ-CAGCAGCAATTCATGTTTTGA-3ʹ;

18S RNA-F: 5ʹ-CCTGGATACCGCAGCTAGGA-3ʹ;

18S RNA-R: 5ʹ-GCGGCGCAATACGAATGCCCC-3ʹ;

CADM1-F: 5ʹ-CCCGTACAGGAGAAGAAAGAAG-3ʹ;

CADM1-R: 5ʹ-GATACTTGCTGGGTGACTACTG-3ʹ.

Cell Culture and Transfection {#S0002-S2005}
-----------------------------

The LSCC cell line FD-LSC-1 was a gift from Professor Liang Zhou (Department of Otolaryngology -- Head and Neck Surgery, Eye, Ear, Nose and Throat Hospital, Fudan University)[@CIT0024] and cells were cultured in BEGM Medium (Lonza, Walkersville, MD, USA) supplemented with 10% fetal bovine serum (FBS; BI, Cromwell, CT) and 1% L-glutamine (Gibco, Grand Island, NY). The LSCC cell line TU177 (Bioleaf Biotech Co., Shanghai) was cultured in MEM supplemented with 10% FBS. miR-424-5p mimics and negative control mimics (NC mimics) were from GenePharma (Shanghai). Cells were transfected with miR-424-5p or NC mimics at a final concentration of 30 nM by using Lipofectamine 3000 reagent according to the manufacturer's instructions.

Cell Proliferation Assay {#S0002-S2006}
------------------------

Cell proliferation was determined by using the Cell Counting Kit-8 (CCK8) (Transgen, Beijing) after transfection for 24, 48, 72, and 96 hrs. Moreover, EdU staining was used to assess proliferation with the Cell-Light EdU imaging kit (RiboBio Co., Guangzhou, China) following the manufacturer's instructions.

Colony-Formation Assay {#S0002-S2007}
----------------------

Cells were seeded in 96-well plates at 200/well and cultured for 7 days, then rinsed with phosphate-buffered saline (PBS), followed by 4% paraformaldehyde fixation for 15 mins. Cells were stained with 0.1% crystal violet, washed with flow water, then air-dried and photographed.

Wound Healing Migration Assay {#S0002-S2008}
-----------------------------

FD-LSC-1 or TU-177 cells were plated in culture-insert 2 wells, and wound healing migration assay followed the manufacturer's instructions (ibidi, Fitchburg, WI). BEGM medium (for FD-LSC-1 cells) or MEM medium (for TU-177 cells) supplemented with 1% FBS was added, and images of scratch closure were captured at 0 and 24 hrs.

Transwell Migration Assay {#S0002-S2009}
-------------------------

After transfection, 1×10^6^ cells were plated in 100 μL medium without serum and incubated in Transwell plates at 37°C and 5% CO~2~ for 24 hrs. Then, the upper side of the filter membrane was wiped with a cotton swab to remove cell debris. Cells on the lower side of the insert filter were stained with crystal violet for 10 mins and washed with PBS once.

Transwell Invasion Assay {#S0002-S2010}
------------------------

Matrigel was thawed at 4°C, then 40 μL Matrigel solution (Matrigel:medium=1:3) was added to precooled Transwell inserts and solidified in a 37°C incubator for 2 hrs. Cells were resuspended with serum-free medium at 1 x 10^5^ cells/well and seeded. The upper side of the filter membrane was wiped with a cotton swab to remove cell debris, then cells on the lower side of the insert filter were stained with crystal violet for 10 mins and washed with PBS once.

Cell Adhesion Assay {#S0002-S2011}
-------------------

We precoated 96-well cell culture plates with Matrigel (2 μg/well) overnight at room temperature. FD-LSC-1 and TU-177 cells were transfected with miR-424-5p mimics and NC mimics for 24 hrs, then harvested and plated on precoated 96-well plates at 1× 10^4^ cells/well with serum-free medium and incubated for the indicated time at 37°C. The medium containing unattached cells was removed and cells were washed once with PBS, then fixed with 4% formaldehyde and stained with 0.1% crystal violet. The dye was solubilized with 33% acetic acid, and the absorption at 595 nm was determined by using a microplate reader Multiscan MK3 (ThermoFisher Scientific).

Cell Cycle Analysis {#S0002-S2012}
-------------------

About 1×10^6^ cells were harvested at 48 hrs after transfection and fixed overnight in 70% ice-cold ethanol and 4℃. Cells were stained with 50 μg/mL propidium iodide, 100 U/mL RNase A, and 0.2% Triton X-100 for 30 mins, then quantified by NovoCyte flow cytometry (ACEA Biosciences, Hangzhou, China), and data were analyzed by using NovoExpress software.

Plasmid Construction and Luciferase Reporter Assay {#S0002-S2013}
--------------------------------------------------

The wild-type CADM1 3ʹ UTR luciferase reporter was generated by inserting the PCR-amplified 3ʹUTR sequence containing the predicted miR-424-5p binding site into the psiCHECK-2 vector (Promega, Madison, WI). The mutant CADM1 3ʹUTR luciferase reporter was produced by overlapping extension PCR. Primers used for luciferase reporter plasmids construction were as follows: CADM1 WT-F: 5ʹ-TCGCTCGAGTATTTCCTCCCTCTACCCCAATT-3ʹ, CADM1 WT-R: 5ʹ-CGGGAATTCCCTCCCTACTTCCCCTCCTGT-3ʹ, CADM1 Mut-F: 5ʹ-AACAATGAAAACTCTTACGTCGAGCCCATGTTTCAAAT-3ʹ, CADM1 Mut-R: 5ʹ-ATTTGAAACATGGGCTCGACGTAAGAGTTTTCATTGTT-3ʹ. Luciferase reporter assays followed the manufacturer's instructions (Promega). Briefly, cells were seeded in 24-well plates and co-transfected with NC or miR-424-5p mimics and WT or mutant CADM1 3ʹ UTR reporter plasmid (0.1 μg/well). At 48 hrs after transfection, cells were washed with PBS, then lysed with 250 μL passive lysis buffer. Cell lysates were centrifuged at 12000 rpm for 5 mins. An amount of 50 μL supernatant was transferred to 96-well plates, injected with luciferase substrates, and luciferase activity was measured on a SpectraMax i3x Multi-Mode Microplate Reader (Molecular Devices, San Jose, CA).

Western Blot Analysis {#S0002-S2014}
---------------------

Cells were washed twice with PBS, and protein was harvested by using RIPA reagent containing protease inhibitor cocktail (ThermoFisher Scientific). Protein concentration was measured by using the Coomassie (Bradford) Protein Assay Kit (ThermoFisher Scientific) according to the manufacturer's instructions. Equal quantities of protein were separated by 12% SDS-PAGE and transferred to PVDF membranes (Millipore, Bedford, MA), which were blocked with 5% skim milk in TBST for 2 hrs at room temperature, then incubated with primary antibodies overnight at 4°C, followed by a TBST wash and secondary antibody incubation for 2 hrs at room temperature. Finally, membranes were incubated with Western LumaxLight Superior HRP substrate (ZETA LIFE Inc.) and protein bands were captured on a MiniChemi I instrument (SageCreation, Beijing). The primary antibodies used were anti-CADM1 (Proteintech, Cat\#14335-1-AP) and anti-GAPDH (TransGen Biotec, Cat\#HC301-02).

Statistical Analysis {#S0002-S2015}
--------------------

Statistical analysis involved using SPSS v19.0 (SPSS Inc., Chicago, IL). Independent Student *t* test was used to compare the differences between the two groups. The difference in relative level of miR-424-5p by tumor-node-metastasis (TNM) staging and differentiation of LSCC involved the Mann--Whitney *U*-test. NC mimics group in all experiments was performed three times as the miR-424-5p mimics group, and the fold change in the miR-424-5p mimics group was normalized to the NC mimics group. P\<0.05 was considered statistically significant.

Results {#S0003}
=======

Upregulation of miR-424-5p in LSCC Is Associated with Aggressive Clinical Features of LSCC {#S0003-S2001}
------------------------------------------------------------------------------------------

Recently, we investigated the miRNA expression profile of 6 LSCC and paired ANM tissues by microarray analysis. Several miRNAs were upregulated in LSCC versus ANM tissue. miR-424-5p was upregulated in LSCC for each pair of tissues ([Figure 1A](#F0001){ref-type="fig"}). To validate this result, we enrolled 106 patients with LSCC to measure the expression of miR-424-5p in LSCC and ANM tissues by qPCR; clinical features of these patients are shown in [Table 1](#T0001){ref-type="table"}. qPCR results confirmed that the expression of miR-424-5p was significantly upregulated in LSCC tissue as compared with ANM tissue ([Figure 1B](#F0001){ref-type="fig"}).Table 1Clinical Features and Relative Expression of miR-424-5p of 106 Laryngeal Squamous Cell Carcinoma (LSCC) SamplesParametersCases, n (%)miR-424-5p Expression (Mean ± SD)**Age**≥6059 (55.7)3.55±2.50\<6047 (44.3)4.39±4.04**Sex**Female7 (6.6)2.00±1.20Male99 (93.4)4.62±6.39**Primary cancer site**Glottic55 (51.9)3.74±2.96Supraglottic40 (37.7)5.67±9.23Subglottic3 (2.8)2.22±1.08Transglottic8 (7.6)3.68±3.13**Differentiation**High21 (19.8)2.52±2.01Medium64 (60.4)4.49±3.69Low21 (19.8)3.58±2.52**T staging^a^**T130 (28.3)2.53±1.47T228 (26.4)2.67±1.55T328 (26.4)4.67±4.07T420 (18.9)6.72±3.85**Cervical lymph node metastasis**N080 (75.5)3.52±2.74N+26 (24.5)5.16±4.40**Distant metastasis**M0106 (100.0)3.92±3.28M10 (0.0)**Clinical stage**I29 (27.4)2.49±1.50II24 (22.6)2.80±1.51III24 (22.6)5.36±4.48IV29 (27.4)5.09±3.66**Smoked preoperatively^b^**No15 (14.2)2.41±1.62Yes91 (85.8)4.17±3.42[^2] Figure 1Expression of miR-424-5p was upregulated in laryngeal squamous cell carcinoma (LSCC) tissues. **(A)** Expression of miRNA in 6 LSCC and paired adjacent normal margin (ANM) tissues were measured by microarray; differentially expressed miRNAs are shown as a heat map. **(B)** The relative level of miR-424-5p in 106 LSCC and paired ANM tissues determined by qPCR. **(C)** Relative expression of miR-424-5p in LSCC tissues with high vs low and medium differentiation degree. **(D)** Relative expression of miR-424-5p in low (T1+T2) vs high (T3+T4) T stage of LSCC tissues. **(E)** Relative expression of miR-424-5p in LSCC tissues with (N+) or without (N0) cervical lymph node metastasis. **(F)** Relative expression of miR-424-5p in low (1+2) vs high (3+4) clinical stage of LSCC tissues. Impact of miR-424-5p expression on overall survival in patients with head and neck squamous cell carcinoma (HNSCC) **(G)** and LSCC **(H)** in the The Cancer Genome Atlas (TCGA) cohort. Survival analysis involved RNA-sequencing data from the TCGA, and patients were divided into high and low expression groups based on the median miR-424-5p expression level.

Next, we analyzed the association of miR-424-5p level with clinical features of LSCC patients. High miR-424-5p expression was significantly associated with poor differentiation of LSCC ([Figure 1C](#F0001){ref-type="fig"}, P=0.028 between high vs low and medium groups). Furthermore, miR-424-5p level was associated with advanced T stage and cervical lymph node metastasis ([Figure 1D](#F0001){ref-type="fig"} and [E](#F0001){ref-type="fig"}). The expression of miR-424-5p in LSCC was significantly higher with high than low clinical stage ([Figure 1F](#F0001){ref-type="fig"}, P\<0.001). Moreover, survival analysis with data from the TCGA database showed high expression of miR-424-5p associated with poor prognosis with head and neck squamous cell carcinoma (HNSCC) ([Figure 1G](#F0001){ref-type="fig"}) and LSCC ([Figure 1H](#F0001){ref-type="fig"}), although not significantly. Thus, miR-424-5p was upregulated in LSCC tissue and associated with clinical features of LSCC, which indicates its critical role in the occurrence and progression of LSCC.

Functional Annotation of miR-424-5p Target Genes {#S0003-S2002}
------------------------------------------------

To understand the potential functional role of miR-424-5p, we predicted miR-424-5p target genes by using TargetScan, miRanda, PITA, and Pictar. Venn analysis showed 492 genes associated with miR-424-5p ([Figure 2A](#F0002){ref-type="fig"}, [[Supplementary Table 1](http://www.dovepress.com/get_supplementary_file.php?f=224325.xlsx)]{.ul}). On GO and KEGG pathway enrichment analysis, miR-424-5p target genes were involved in biological processes such as cell division, cell cycle, and cell migration ([Figure 2B](#F0002){ref-type="fig"}). KEGG pathway analysis showed that miR-424-5p target genes were mainly enriched in pathways in cancer, PI3K-Akt signaling pathway, signaling pathways regulating pluripotency of stem cells, cell cycle, Wnt signaling pathway, p53 signaling pathway, and several cancer-related pathways ([Figure 2C](#F0002){ref-type="fig"}). These data indicate that miR-424-5p may play important roles in the malignant behavior of cancer by regulating the expression of target genes involved in these pathways.Figure 2Functional enrichment analysis of predicted miR-424-5p target genes. **(A)** Venn analysis of miR-424-5p target genes predicted by TargetScan, PITA, miRanda, and PicTar. **(B)** Gene Ontology analysis of predicted miR-424-5p target genes. Top 20 biological processes were plotted by enriched gene number and p value. **(C)** KEGG pathway analysis of predicted miR-424-5p target genes. Top 20 pathways were plotted by enriched gene number and p value.

Overexpression of miR-424-5p Promotes the Proliferation of LSCC Cells {#S0003-S2003}
---------------------------------------------------------------------

To investigate the biological roles of miR-424-5p in LSCC progression, LSCC cell lines FD-LSC-1 and TU-177 cells were transfected with miR-424-5p mimics or negative control mimics (NC mimics). The expression of miR-424-5p in FD-LSC-1 and TU-177 cells was highly increased as compared with controls after miR-424-5p mimics transfection ([Figure 3A](#F0003){ref-type="fig"}). Overexpression of miR-424-5p promoted the proliferation of FD-LSC-1 and TU-177 cells ([Figure 3B](#F0003){ref-type="fig"} and [C](#F0003){ref-type="fig"}). Moreover, the EdU-positive cell amount was significantly higher with miR-424-5p than NC mimics, so high miR-424-5p level promoted LSCC cell proliferation ([Figure 3D](#F0003){ref-type="fig"} and [E](#F0003){ref-type="fig"}). In addition, overexpression of miR-424-5p increased the colony-formation ability of LSCC cells ([Figure 3F](#F0003){ref-type="fig"}). Collectively, these results suggest that overexpression of miR-424-5p promoted LSCC cell proliferation.Figure 3Overexpression of miR-424-5p promotes the proliferation of LSCC cells. **(A)** FD-LSC-1 and TU-177 LSCC cells were transfected with miR-424-5p or negative control (NC) mimic for 48 hrs; then, the expression of miR-424-5p was determined by qPCR. FD-LSC-1 **(B)** and TU-177 **(C)** LSCC cells were transfected with miR-424-5p or NC mimic and cell proliferation was measured by CCK8 assay at the indicated times. FD-LSC-1 **(D)** and TU-177 **(E)** LSCC cells were transfected with miR-424-5p or NC mimic for 48 hrs and EdU staining was performed (Red); nuclei were stained with DAPI (blue). **(F)** FD-LSC-1 and TU-177 LSCC cells were transfected with miR-424-5p or NC mimic and colony-formation assay was performed, then colonies were counted and plotted. Data are mean ± SD of three independent experiments.

Overexpression of miR-424-5p Promotes Migration and Invasion of LSCC Cells {#S0003-S2004}
--------------------------------------------------------------------------

Invasion and cervical lymph node metastasis are important characteristics of LSCC.[@CIT0025] To evaluate the effects of miR-424-5p on the invasion and migration of LSCC cells, we used scratch-wound healing and transwell assays with FD-LSC-1 and TU-177 cells transfected with miR-424-5p or NC mimics. As compared with NC mimics, with miR-424-5p mimics, the distance of migration of cells was increased significantly ([Figure 4A](#F0004){ref-type="fig"} and [B](#F0004){ref-type="fig"}). Transwell migration assay confirmed that overexpression of miR-424-5p promoted LSCC cell migration ([Figure 4C](#F0004){ref-type="fig"}).Figure 4Overexpression of miR-424-5p promotes migration, invasion and adhesion of LSCC cells. FD-LSC-1 **(A)** and TU-177 **(B)** cells were transfected with miR-424-5p or NC mimic and cell scratch assay was performed at the indicated times. The migration distance was used to evaluate cell migration ability. **(C)** FD-LSC-1 and TU-177 LSCC cells were transfected with miR-424-5p or NC mimics and transwell migration assay was performed. **(D)** FD-LSC-1 and TU-177 LSCC cells were transfected with miR-424-5p or NC mimic and transwell invasion assay was performed. FD-LSC-1 **(E)** and TU-177 **(F)** cells were transfected with miR-424-5p or NC mimic for 24 hrs; then, cells were plated onto precoated 96-well plates and adhesive cells were counted at 2 and 4 hrs.

Cells transfected with miR-424-5p mimics showed enhanced invasive ability as compared with NC mimics ([Figure 4D](#F0004){ref-type="fig"}). Highly metastatic cancer cells show enhanced adhesion ability that facilitates the migration of the cells to a new site to establish new tumors.[@CIT0026] Therefore, cell adhesion assay is used to evaluate the metastatic ability of LSCC cells. We found that overexpression of miR-424-5p significantly increased adhesive ability as compared with NC group ([Figure 4E](#F0004){ref-type="fig"} and [F](#F0004){ref-type="fig"}). Therefore, overexpression of miR-424-5p enhanced the migration and invasion of LSCC cells.

Overexpression of miR-424-5p Affects the Cell Cycle Progression of LSCC Cells {#S0003-S2005}
-----------------------------------------------------------------------------

Induction of cell cycle acceleration is an important mechanism for promoting cell proliferation.[@CIT0027] Here, we analyzed the cell cycle population in FD-LSC-1 and TU-177 cells with miR-424-5p overexpression by ﬂow cytometry. The number of cells in the S and G2 phases was significantly increased after transfection with miR-424-5p mimics than the NC mimics, and the number of cells in the G1 phase was decreased ([Figure 5A](#F0005){ref-type="fig"} and [B](#F0005){ref-type="fig"}).Figure 5miR-424-5p promotes cell cycle progression of LSCC cells. FD-LSC-1 **(A)** and TU-177 **(B)** cells were transfected with miR-424-5p or NC mimic for 48 hrs, then cells were stained with propidium iodide and cell cycle was analyzed by flow cytometry; data were analyzed by using NovoExpress software. Data are mean ± SD of three independent experiments. \*p\<0.05 and \*\*p\<0.01.

CADM1 as a Direct Target of miR-424-5p in LSCC Cells {#S0003-S2006}
----------------------------------------------------

To further elucidate the potential mechanism of how miR-424-5p promotes the malignant behavior of LSCC cells, we validated the regulatory effect of miR-424-5p on the predicted target gene CADM1. Overexpression of miR-424-5p significantly downregulated CADM1 mRNA level ([Figure 6A](#F0006){ref-type="fig"}) and CADM1 protein level was reduced in LSCC cells transfected with miR-424-5p or NC mimic ([Figure 6B](#F0006){ref-type="fig"}). We further investigated the regulatory effect of miR-424-5p on CADM1 by luciferase reporter assay. The luciferase activity of wild-type CADM1 3ʹUTR luciferase reporter was significantly reduced in miR-424-5p--overexpressing cells, but the mutant CADM1 3ʹUTR luciferase did not respond to miR-424-5p overexpression ([Figure 6C](#F0006){ref-type="fig"}). Collectively, these results suggest that miR-424-5p targets CADM1 to suppress its expression in LSCC cells.Figure 6Validation of the regulatory effect of miR-424-5p on CADM1. FD-LSC-1 and TU-177 cells were transfected with NC or miR-424-5p mimic for 48 hrs. **(A)** Expression of CADM1 mRNA was determined by qPCR. **(B)** CADM1 protein level was determined by Western blot analysis. **(C)** Binding site of miR-424-5p and wild-type and mutant CADM1 3ʹ UTR (left). FD-LSC-1 cells were co-transfected with miR-424-5p/NC mimics and wild type (WT)/mutant (Mut) CADM1 3-ʹUTR reporter plasmids for 48 hrs, and relative luciferase activity was detected (right). Data are mean ± SD of three independent experiments.

Discussion {#S0004}
==========

Because of the difficulty in early diagnosis and poor prognosis, LSCC has become one of the rapidly growing causes of cancer death worldwide. The miRNAs involved in carcinogenesis due to their oncogenic or tumor-suppressive functions and recent studies revealed that miRNAs play crucial roles in LSCC.[@CIT0011],[@CIT0028],[@CIT0029] We and other groups have investigated the gene expression profiles of LSCC tissues and found a number of miRNAs dysregulated in LSCC.[@CIT0010],[@CIT0020] Thus, further exploring the function and clinical significance of differentially expressed miRNAs is a key step for developing new biomarkers and targets for LSCC. In the current study, we found miR-424-5p was upregulated in LSCC versus ANM tissues. High miR-424-5p level was significantly associated with poor differentiation, advanced tumor stage and cervical lymph node metastasis. miR-424-5p target genes are mainly enriched in biological processes of the cell cycle, cell division, and negative regulation of cell migration and were involved in multiple cancer-related pathways. Overexpression of miR-424-5p promoted proliferation, migration, invasion, and adhesion of LSCC cells. Furthermore, CADM1 was a direct target of miR-424-5p in LSCC cells.

Emerging evidence has revealed that miR-424-5p has oncogene and tumor suppressor roles in different cancers. Expression of miR-424-5p was downregulated in epithelial ovarian cancer and hepatocellular carcinoma tissues, and its overexpression inhibited cell proliferation in these cancers.[@CIT0016],[@CIT0030] However, Wei et al reported that miR-424-5p was upregulated in gastric cancer tissues, and restoration of miR-424-5p could promote the proliferation of gastric cancer cells.[@CIT0019] The different miR-424-5p expression patterns in various cancers may be result of differential DNA methylation level, transcription and post-transcriptional regulation. Hypermethylation of the miR-424 promoter region has been reported in glioma and cervical cancer tissues, and treatment of glioma and cervical cancer cell lines with the demethylation reagent 5-aza-2ʹ-deoxycytidine increased miR-424-5p expression,[@CIT0031],[@CIT0032] so epigenetic repression by promoter region hypermethylation may be an important mechanism of downregulation of miR-424-5p in some cancers. By contrast, upregulation of miR-424-5p in cancers involves more complex transcriptional and post-transcriptional mechanisms, such as dysregulated upstream transcription factors and long non-coding RNA.[@CIT0033]--[@CIT0035]

In the present study, miR-424-5p was significantly upregulated in LSCC. Importantly, high expression of miR-424-5p was significantly associated with poor differentiation, advanced T stage and clinical stage. Clinical features associated with miRNAs play important regulatory roles in cancer progression, including miR-145-5p, miR-195 and miR-106b-5p.[@CIT0011],[@CIT0036],[@CIT0037] Hence, we speculated that miR-424-5p is a critical regulator of LSCC.

Cancer cells have enhanced adhesion capacity and viability[@CIT0038]--[@CIT0040] and abnormal activation of PI3K-Akt signaling pathway.[@CIT0041],[@CIT0042] Moreover, most recent studies concluded that cancer stem cells are the origin of proliferation, migration and chemoresistance of cancer cells.[@CIT0043]--[@CIT0045] Our previous study isolated and characterized cancer stem cells from LSCC cells.[@CIT0046],[@CIT0047] In the current study, GO and KEGG analysis revealed that potential target genes of miR-424-5p were enriched in biological processes and signaling pathways of cell adhesion, cell division, cell cycle, and cell migration, PI3K-Akt signaling pathway, signaling pathways regulating pluripotency of stem cells, as well as several cancer-related pathways, so miR-424-5p may affect malignant phenotypes of LSCC through these signaling pathways.

However, to date, no study has reported the function of miR-424-5p in LSCC cells. FD-LSC-1 and TU-177 are among the few well-characterized human LSCC cell lines,[@CIT0024],[@CIT0048] hence we used these two cell lines as model to investigate the role of miR-424-5p in LSCC cells. Our results showed that overexpression of miR-424-5p significantly promoted the proliferation of the LSCC cells. Furthermore, restoration of miR-424-5p expression enhanced the migration, invasion, and adhesion of LSCC cells. These results were similar to findings of miR-424-5p function in pancreatic cancer and non-small-cell lung cancer cells.[@CIT0018],[@CIT0049] Moreover, we found that overexpression of miR-424-5p promoted the cell cycle transition from the G1 phase to S and G2/M phases. This finding agrees with the previous study in esophageal squamous cell carcinoma cells[@CIT0033] and may explain in part the proliferation-promoting role of miR-424-5p on LSCC cells. Collectively, these data suggest that miR-424-5p plays an oncogenic role in LSCC to promote proliferation, migration, invasion, adhesion, and cell cycle progression.

Furthermore, our data revealed that miR-424-5p suppresses the expression of CADM1. CADM1 is a well-known tumor suppressor, downregulation of CADM1 was found in hepatocellular carcinoma,[@CIT0050],[@CIT0051] breast cancer,[@CIT0052] and melanoma.[@CIT0053] Restoration of CADM1 level inhibited proliferation, invasion, and tumorigenesis; negatively regulated G1/S transition; and promoted apoptosis of cancer cells.[@CIT0050],[@CIT0051],[@CIT0054]--[@CIT0056] Additionally, downregulation of CADM1 level-enhanced chemoresistance in tongue cancer cells.[@CIT0057] Therefore, CADM1 may be a critical downstream target of miR-424-5p in LSCC and miR-424-5p may promote LSCC progression by downregulating CADM1 level.

Notably, we investigated the function of miR-424-5p based on in vitro experiments. Considering that in vitro studies lack the information of the mutual interaction between cancer cells and the microenvironment, in the future, in vivo experiments using xenograft tumors are needed to clarify the functional role of miR-424-5p in LSCC.

Conclusion {#S0005}
==========

Our data support that miR-424-5p may promote the proliferation, migration, invasion, and adhesion of LSCC cells, and upregulation of miR-424-5p is closely associated with malignant clinical features of LSCC in humans. Furthermore, the tumor suppressor CADM1 is a direct target of miR-424-5p. miR-424-5p may be a promising therapeutic target and a potential diagnostic biomarker for LSCC.
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